Abstract -The present study was undertaken to examine sensory structures on the mouthparts in Apis florea Fabricius (1787) from north western region (India) using scanning electron microscopy. Ultra morphological details revealed that mouthparts of the dwarf honey bees were studded with different sensory structures including sensilla chaetica (A, B and C); sensilla basiconica; sensilla trichodea C; nodulated-form sensilla trichodea C; hair membrane plate sensilla; branched processes and cuticular plate sensilla, which made the organism efficient in forage detection and collection. Sensilla chaetica were found on prementum, galea, labial palps and the glossa and made flow of liquid food to the buccal cavity convenient. Sensilla basiconica were found on labial palps and served probably as a thermoreceptor and hygroreceptor. Cuticular plate sensilla on labial palps and hair membrane plate sensilla found on galea may serve to adjust the segments of the organ and act as mechanoreceptors. The identification and analysis of the distribution of various types of sensilla on the tongue of A. florea should be helpful when addressing questions on the ecological and systematic characterisation of the species in future investigations.
INTRODUCTION
Apis florea is commonly called the dwarf honey bee as it is the smallest of all the honey bee species. It is small in terms of worker body size and nest size. It is not ferocious like the other open nesting honey bee (Apis dorsata ) but makes a defensive attack when there is some movement around its nest. It nests in the open and makes a single comb, hanging from slender branches of trees or shrubs covered with relatively dense foliage. Nests are usually up to 4 m above the ground and honey containing cells surround the support from all sides. Combs of the dwarf honey bee are covered with layers of workers bees clinging to each other. In order to protect the nest from ant attacks, worker bees coat both ends of the nest support with sticky strips of propolis or plant resins up to a width of 2.5 to 4 cm. A. florea is the only honey bee species that uses this defensive technique. The dwarf bees perform short forage flights which are often to a distance of 750 m so that the honey stored by this bee is generally of rather uniform composition. In spite of its small size, the pollinating efficiency of this bee species has been proven to be of high potential in maintaining ecological balance.
The mouth parts of A. florea , such as galea, labial palps, glossa and flabellum, bear sensory structures which are adapted for a chewing and lapping method of feeding. A well-developed sensory system is pivotal for the honey bee to locate forage and identify and exploit these resources. Hence, various sensory structures are present on the mouth parts of A. florea which may affect the foraging behaviour of the insect. Descriptions of these sensory structures based on their appearance and function have previously been given by different authors and attempts have been made to relate these with biological (Wongsiri et al. 1996) , behavioural (Free and Williams 1979, Free 1981) and biometric (Hepburn and Hepburn 2005) parameter in order to study ecological variations in honey bees (Hölldobler and Wilson 1990; Michener 1974 ).
Based on age and physiological maturation, different tasks like comb construction, nursing, nourishing, guarding and foraging are performed by worker honey bees (Lindauer 1952; Michener 1974; Johnson 2010 ) and most of these functions are associated with mouth parts. Studies on task specialisation, especially in foragers of Apis mellifera have shown that specialisation is associated with differences in sensory thresholds for sucrose, odours and light (Scheiner et al. 2004; Page et al. 2009; Rivera 2009; Scheiner and Erber 2009) . Alternatively, differences in sensitivity may depend on the type, number and size or structure of sensory organs which may in turn vary with body size of the individual honey bee. In bumblebees, for example, the length of antennae affects olfactory sensitivity because longer antennae bear more olfactory sensilla (Spaethe et al. 2007; Mujagic et al. 2010) . The same may be true for the tongue of honey bee as different honey bee species are very variable in size. Further, it has been reported that the tongue of honey bee shows high geographic variability in relation to available floral resources (Padilla et al. 2001) . Three different honey bee species viz. A. dorsata , A. cerana and A. mellifera were studied by Nayyar (2003) and differentiated on the basis of tongue details. According to this author, the branched processes on the distal margin of the flabellum were similar and were of one type in A . c e r a n a a n d A . m e l l i f e r a w h i l e A. dorsata had two types of branched processes differentiating it from the other two species (Nayyar 2003) . Sharma (2004) studied the antenna and tongue of A. cerana and A. florea from Chandigarh using SEM technique. She (Sharma 2004 ) reported centreward converging rows of hair on glossa of A. florea . Furthermore, in the plains population of A. cerana , the middle part of the tongue had an uneven arrangement of hair around a sucking plate, while the A. florea population had evenly arranged hair (Sharma 2004) . Anudeep and Kumar (2012) also described several types of sensilla on prementum, labial palps, galea and glossa and reported differences in form of sensory structures on tongue of A. dorsata from the Nurpur and Jaipur regions of India.
To our knowledge, no previous attempts have been made to identify and connect the type of sensilla and foraging task specialisation in A. florea using electron microscopy. Available previous reports are limited to the role of antennae in olfaction and other sensory tasks in A. florea (Gupta 1992) . Scanning electron microscopy of the tongue was shown to offer an advanced diagnostic tool for inferences on possibly adaptive variation to native flora comparing A. cerana and A. mellifera (Kumar et al. 2014 ). In the present work, therefore the mouth parts details, especially sensory structures of A. florea have been examined with scanning electron microscope and are discussed in relation to their possible function.
MATERIAL AND METHODS
Dwarf honey bees, Apis florea F., workers were collected from locations in Chandigarh, India. Samples were collected directly from the colonies during the evening. Fifty bees were collected per nest and seven were randomly taken for SEM studies. Worker honey bees were dissected following the protocol of Bálint et al. (2004) . The tongue was carefully excised from the sockets with fine forceps under a dissecting microscope and fixed in 5 % glutaraldehyde. After dehydration through a graded series of acetone, the specimens were dried in a critical point drier, mounted on aluminium stubs with double adhesive tape and coated with a thin layer of gold palladium in a vacuum evaporator (JEOL JFC-1600 Auto fine coater). Coated specimens were analysed in a JEOL scanning electron microscope (JEOL JSM 6490) operating at an accelerating voltage of 10-25 kV and images were recorded with a digital camera.
RESULTS
The proboscis of A. florea contains appendages for ingestion and the sensory organs necessary for recognising forage compounds. A dorsal view (Figure 1a ) of mouth parts showed a pair each of galeae and labial palps and a single glossa terminated by flabellum. A galea was fully visible and covered the first segment of labial palp. The distal three labial segments were also visible. A ventral view (Figure 1b ) of the mouth parts displayed the prementum, a pair of labial palps, a single glossa and the flabellum. The hairy parts of the glossa and flabellum were fully visible.
Postmentum-this was triangular and arrowhead shaped lying just at the base of prementum ( Figure 2a ). The surface of the postmentum was covered with cuticular scales (CPS) and was free of any other type of sensilla. Prementum-this is the proximal second segment of tongue ( Figure 1b) . A glossa, a pair of paraglossae and a pair of labial palps were seen to arise from this segment. A series of parallel and irregular ridges arranged in a concentric manner and opening at the distal end were present ( It is the most extended appendage of the tongue. At the base of the glossa, a pair of paraglossae which emanated from prementum could be seen (Figure 3a) . Four types of sensory structures were identified on the glossa, including sensilla chaetica B and C, cuticular plate sensilla and branched processes. Cuticular plate sensilla were found on the ventral surface of the glossa where they form a channel for the flow of nectar. The sensilla chaetica C were present on the ventral surface of the tongue where they formed a convergent zone towards the distal end of the glossa (Figure 3c, d) . The sensilla chaetica C (SC C) were bent and long and covered the joint between the glossa and flabellum (Figure 4b) . Sensilla chaetica A, partially covered by sensilla chaetica C, were characteristically present at the joint of glossa and flabellum (Figure 4a, b) . Flabellum-this is the distal-most part of tongue. It was triangular in shape in A. florea (Figure 4a-d) . The margins of the flabellum had long and uniform branched processes (Figure 4b , d) which were characteristically branched into three processes that were inwardly bent (Figure 4a, b, d ). Labial palp-immediately on the lateral side of the glossa was a pair of labial palps. A lateral view of the labial palp displayed three segments with numerous sensilla which probably served as sensors for taste and touch (Figure 5a ). Four types of sensilla namely sensilla basiconica, sensilla chaetica A and C and cuticular plate sensilla were identified on the labial palps of A. florea (Figure 5a-d) . Sensilla basiconica were found on the distal two segments and were absent from the two proximal segments of the labial palp (Figure 5a, b, d ). Sensilla chaetica (SC A) were found on the two terminal segments. These could be distinguished by their curved terminal ends. There were 9-12 sensilla chaetica (SC A) on each segment. SC C were present on the lateral margins of second segment and extended up to the middle of the third labial segment (Figure 5a) . A cuticular plate (CP) area was present in the inter labial palp joints and cuticular scales were arranged circumferentially (Figure 5a, b, e) . Galea-the lateral sides of the galea exhibited the presence of unique nodulated sensilla trichodea (St Cn), sensilla chaetica C (SC C) (Figure 6a ) and sensilla trichodea C (St C) (Figure 2a ). An annulated plate was observed at the distal end of this segment (Figure 7a, b) . A maxillary palp bearing sensilla was also present on the galea towards its base (Figure 7a, c) . The inner part of the galea tip had sensilla chaetica A, B and C along its margins and cuticular scales on the interior side of the cuticular plate (Figure 7e-h) . A single hair membrane plate (HMP) bearing sensilla at the base of each galea was also observed (Figure 7a, d) . Maxilllary palp-this was easily distinguished as a thumb-like segment visible on the lateral margin and base of the galea ( Figures 6b and 7a, c) . Two forms of sensilla chaetica (types A and B) were observed on it (Figure 6b ).
DISCUSSION
Sensory structures known as sensilla are present on different parts of the bodies of insects.
Some of the well-known sensilla described and classified by previous authors are discussed hereunder: S e n s i l l a b a s i c o n i c a a r e s t r a i g h t digitiform, peg or finger-like structures having a porous tip and are located in a shallow depressed socket. On the antenna of the European honey bee A. mellifera , various functions have been attributed to these sensilla such as chemoreceptor (Snodgrass 1956 ), gustatory (Schneider et al. 1964 ; Slifer et al. 1 9 5 9 ; L a c h e r 1 9 6 4 ; E s s l e n a n d Kaissling 1976 ) and olfactory (Awad et al. 2014 ). Pe'rez-Gonza'lez and Zaballos (2013) described three types of sensilla basiconica (Sb) on antennae of Typhlocheris . A first type (Sb1) was very short conical structures on the stem of the scape and pedicel and functioned as mechano-or proprioceptors (Merivee et al. 2000 (Merivee et al. , 2002 . A second type (Sb2) was a very short, sharply bent sensillum resembling a type of trichoid sensillum which probably served as an olfactory structure. A third type (Sb3) were short conical and hair-like, and their number and distribution varied randomly within t h e g e n u s . T h e s e f u n c t i o n e d a s mechanoreceptors. Sensilla trichodea are freely moveable setiform hairs of variable length with generally a proportional diameter with respect to length. They have been ascribed functions such as mechanosensory, chemosensory and thermo sensory; sensitive to touch vibrations, air movements and sound (Erickson et al. 2009 ) and also touch and taste receptors (Vogel 1921; Frisch 1967; Schneider 1968; Dietz and Humphreys 1971 Steinbrecht 1968; Agren 1977; Crane 1990) A . d o r s a t a , A . f l o r e a a n d A p i s andreniformes (Suwannapong et al. 2012) and as olfactory receptors in A. mellifera (Crane 1990; Gupta 1992) .
Sensilla ampullacea consist of a pore surrounded by a smooth surface and are associated with the detection of pheromones, temperature, humidity (Lacher 1964) and changes in concentration of CO 2 (Kleineidam et al. 2000) .
Sensilla campaniformia have an oval, dome-shaped, flexible cuticular apparatus with a small depression in the centre. It has been reported to function as mechanoreceptor (Zacharuk 1985) . Sensilla chaetica are socketed, stout bristles, sometimes spine-like sharp and tapering with a porous or non porous tip. These sometimes resemble sensilla trichodea except that they have thick cuticular shafts and are not freely moveable. They have been described as odour receptors in honey bee (Awad et al. 2014) . The sensilla chaetica can be divided into long (Chaetica I) and short (Chaetica II) and pored chaetica sensilla and poreless chaetic sensilla. The poreless chaetic sensilla may furthermore be long and short. They are usually considered to have tactile and some chemosensory function. Esslen and Kaissling (1976) reported chaetic and basiconic sensilla as gustatory in function in A. mellifera . Cuticular scales-Erickson et al. (2009) observed circumferentially arranged cuticular scales on the inter-segmental surface of the first and second segments of the labial palp in queens of the honey bee, A. mellifera , and referred to these as chemoreceptors and/or mechanoreceptors. Hair membrane plate sensilla-the hair membrane plate exhibit similarity with the Johnston's organ present on the joint of antenna in the honey bee, A. mellifera (Thurm 1964) and cockroaches, Periplaneta americana (Okada and Toh 2001) . The presence of this type of sensilla at the base of galea suggests it to be mechanosensory as in case of antenna of honey bees (Thurm 1964 ) and cockroach, P. americana Toh 2000, 2001 ).
Branched processes- Kumar et al. (2014) reported a fringed structure of branched processes at the distal margin of the flabellum in A. mellifera and A. cerana and suggested that these may make liquid absorption by the flabellum more convenient.
Scanning electron microscopy can be a good tool for studying the biodiversity of bees on the basis of the ultrastructure of various sensilla. According to Frisch (1967) , different castes of the honey bees perform different functions in the colony and exhibit distinct external morphologies. There are numerous microscopic structures which are taxonomically important and relate to the ecological adaptation of these species. Hudson (1970) recognised mouthparts as taxonomically important and suitable for scanning electron microscopic characterisation. Different sensilla and their distribution on the tongue of A. florea adult workers were studied and reported during the present investigations.
Honey bees have developed a complex system for chemoreception. The whole of the body is studded with various types of sensilla among which olfactory sensilla (sensilla basiconica and sensilla chaetica) are prominent structures. However, with respect to taste perception, the tongue is the principal functional structure. In the present investigation four types of sensilla were reported for adult workers of A. florea from Chandigarh in India. Erickson et al. (2009) and Goodman (2003) studied the distribution of sensilla on the labrum, maxillae and mandibles of A. mellifera and reported trichodea and basiconic sensilla as chemosensory receptors on the exterior surface of mandibles and prementum.
Sensilla chaetica similar to those found on the prementum of A. florea (Figure 2 ) during the present study have been described on the tongue of insects by other researchers, and they have been attributed mechanosensory or proprioceptive functions based on their characteristic morphology and location (Esslen and Kaissling 1976, Whitehead and Larsen 1976; Erickson et al. 2009; Fisher 2010; Sanchez 2011; Anudeep 2013) . Erickson et al. (1986) reported the presence of peg organs and trichoid sensilla on the labial palps of honey bees substantiating the present observation. The ultimate segment of the labial palp was reported to be bestowed with numerous sensilla (Erickson et al. 1986 ) and this was also observed in the present study.
Sensilla chaetica B formed a convergence area on the glossa. Similar findings on arrangement patterns of sensilla on the ventral side of the glossa were also reported by Sharma (2004) on the tongue of A. florea and A. cerana . This author also reported that dwarf honey bees had two rows of hair converging towards the centre from the margins as observed in the present study while in A. cerana the middle portion of the tongue exhibited an uneven arrangement of long hairs. The similarity in the arrangement pattern of sensilla could be related to a similar type of forage available in the regions of the study.
The flabellum was triangular in shape and we hypothesise that morphological variations in the flabellum could be related to depth of nectaries in flowers. The deeper the nectaries of flowers the longer the neck of flabellum of a honey bee's tongue should be. The shape of the flabellum may have got modified accordingly. Nayyar (2003) studied the ultrastructure of the tongue of three species of honey bees, viz. A. dorsata , A. cerana and A. mellifera and reported differences in their flabellum structure. The flabellum of A. dorsata , A. cerana and A. mellifera was oval, rhomboidal and triangular in shape, respectively. The pattern of branched processes was similar in A. cerana and A. mellifera but was different in A. dorsata . In the present study on the dwarf honey bee, branched processes were of a single type (Figure 7) . Erickson et al. (2009) reported a spoon-like geometry of the flabellum with fringed hair or branched processes at the distal end in A. mellifera . According to Erickson et al. 2009 , the branched processes may act as a filter for nectar and serve as gustatoreceptors.
In the present study, the large and uniform branched processes at the margins of the flabellum were evenly arranged which may be an indication of their relation to floral diversity. Typically sensilla with branched type of processes in insects have been suggested to be olfactory in function (Steinbrecht 1984; Hallberg et al. 2003; Kristoffersen et al. 2006; Onagbola and Fadamiro 2008; Onagbola et al. 2009 ).
In conclusion, the scanning electron microscopic studies on the tongue of A. florea lead to infer that different sensory structures like sensilla chaetica, sensilla basiconica, sensilla trichodea, branched processes, hair membrane plate sensilla and cuticular plate sensilla are present on the mouthparts of A. florea . These should make this organism an efficient forager, detector and collector. Sensilla chaetica on the prementum, galea, labial palps and the glossa can make the flow of liquid food to the buccal cavity more convenient. Sensilla basiconica found on the labial palps probably serve as thermoreceptors and hygroreceptor. Cuticular scales on the labial palps and hair membrane plate sensilla probably function in adjusting the segments of the organ and serve as mechanoreceptors. 
